Mobile assessment techniques have been used for nearly 3 decades in mental health research, including in investigations of individuals with schizophrenia and other severe disorders. This article reviews the benefits of these data collection strategies relative to traditional self-report or clinician-administered measures administered in hospital or laboratory settings. A detailed discussion of the technical decisions facing researchers in the field is then presented, covering study design issues, questionnaire content development, and choices in hardware and software selection. Following these points, sample recruitment and retention strategies are discussed, as well as the main statistical issues that are necessary to consider in the exploitation of repeated measures data generated by this methodology.
Introduction
The capacity of mobile assessment techniques to improve both research and clinical interventions is increasingly recognized by major health foundations around the world, including the National Institutes of Health. 1 Of all health care domains, clinical psychology and psychiatry have been the most active in the use of these methods in order to overcome 2 longstanding barriers in understanding the expression of mental disorders. The first major barrier concerns the important differences between the natural phenomena under study and the methods used in their investigation. This discrepancy is most visible for the assessment of temporal relationships among variables. That is, the expression of many forms of psychopathology are characterized by a relatively short ''life cycle'' concerning the period of time in which a specific vulnerability or risk factor may influence the severity of symptoms or the onset of abnormal behavior. Such phenomena are observable over periods that are typically limited to a matter of minutes or hours, while most standard methodologies apply assessments spanning weeks, months, or years. For this reason, traditional self-report and clinician-administered measures that assess global experience or syndrome status rely heavily on retrospective recall. They are therefore unable to examine important but rapidly changing phenomena such as stress reactivity, momentary cognitions or changes in affect, negative and positive reinforcement of abnormal behavior, and many other processes that are temporally proximal to the expression of symptoms.
An additional major impediment to understanding mental disorder etiology or symptom expression concerns the ecological validity of the existing literature. For example, laboratory protocols may confirm that alcohol or benzodiazepines block panic attacks in individuals with panic disorder, but this does not demonstrate that the individual would choose to use these substances as a means of self-medication nor that this motivation to use substances would necessary block attacks in situations that cannot be reproduced in the laboratory. In the same way, the cognitive biases frequently associated with major depression express themselves by influencing the manner in which the individual interprets the numerous events and experiences that occur throughout the day. A clearer description of these momentary phenomena in vivo would permit a better understanding of how diverse vulnerabilities for complex mental disorders influence the emergence or exacerbation of psychopathology. Drawing from the experience of researchers in the field, the objective of this article is to present an expert review of the conceptual and methodological issues to consider in using mobile technologies to investigate schizophrenia and other severe mental disorders.
Mobile Assessment in Mental Health Research
Mobile data collection strategies have been used for nearly 3 decades in mental health research in the goal of overcoming these traditional barriers of time and context. Pioneering work by researchers in the 1980s defined ambulatory methods such as the ''Experience Sampling Method'' or ''ESM'' 2 (also referred to as ''Ecological Momentary Assessment'' or ''EMA'' 3 ) as well as provided their first applications to clinical psychiatry. 4 Much of this early work was exploratory or descriptive in nature, such as time-budget studies of the frequency of patient behaviors and activities. The application of mobile data collection to testing theories of etiology rapidly followed over the next decade, and these methods are now increasingly explored as a means of delivering interventions.
Concerning technical characteristics, almost all studies conducted in the 1980s and 1990s used paper-based methods where a preprogrammed wristwatch or beeper would signal the patient to complete an assessment form describing their experiences or behavior. These techniques have been applied with success in the study of a wide variety of psychiatric problems including personality disorders, mood disorders, substance abuse, and psychosis. [5] [6] [7] [8] [9] [10] [11] [12] However, paper-based methods have been progressively replaced by computerized assessments that use newer electronic technologies (eg, personal digital assistant [PDA] micro-computers or smartphones). While both approaches use mobile devices to indicate to subjects the moments throughout the day to provide specific information relative to their behaviors and other data, it is nonetheless important to note that electronic methods have several advantages over paper-based protocols. A principal benefit concerns the capacity of electronic methods to furnish accurate information on the timing of assessments rather than relying on patient estimates of the moment that data were collected. Such information is at times crucial for confirming the directionality of correlated variables. Electronic methods also allow for the branching of questions administered to patients, whereby each response may trigger subsequent questions as appropriate, and they provide considerable ease in data management. Additional benefits include confidentiality of responses that cannot be viewed by unauthorized individuals, and the facility at which ESM/EMA data may be coupled with other physiological measures such as heart rate, cortisol levels, or physical activity. The use of these ''second generation'' mobile has recently been validated in patients with schizophrenia, including hospitalized 13 and outpatient 14 samples, demonstrating good compliance rates and high concurrent validity with traditional clinicbased measures. This latter issue is particularly complex, however, as it necessarily raises the question of which measures should be used as the ''gold standard'' by which other instruments are compared and evaluated.
Mobile Assessment Study Design

Sampling Strategies
This section reviews the main sampling strategies and issues to consider in the construction of electronic questionnaires, as well as the advantages and disadvantages of the different options available to investigators.
Event vs Time Sampling. An important initial decision for the mobile assessment researcher is the manner in which information will be collected concerning daily life experiences. Event-based sampling constitutes one option whereby the occurrence of a specific event (such as having a social interaction, smoking a cigarette, or having an argument with a spouse) indicates that a report should be completed. Event-based sampling seems intuitively useful because the phenomena of interest are definitely covered by the study, and it is well adapted to assessing relatively rare or salient events that may not occur everyday. However, this option is also a closed observational system, including information regarding only that particular moment of assessment. In addition, concerns have been raised that event sampling may potentially induce changes in behavior, such as that people may be discouraged from performing certain behaviors targeted by the study just to avoid writing another report. 15 Importantly, event sampling also imposes selection decisions upon the participant such as deciding if just saying ''hello'' constitutes a real social interaction, if one puff of a cigarette constitutes ''smoking a cigarette,'' etc, and therefore induces doubt if reporting certain events is necessary. Relying on participants to make decisions of this type may hamper the compliance and reliability of the method. By contrast, a time-sampling approach, with data collection being dependent on a time schedule rather than on events, is an open observational system covering different situations and contexts (including target and nontarget moments). In addition, no selection decisions are required by the participant, which should improve reliability and provide more accurate estimates of event frequency.
Random vs Fixed Time Sampling. For investigations using time sampling, an important supplemental decision concerns whether assessments should be administered at random or fixed intervals of time. Although this issue has been the subject of extensive debate among ESM/EMA researchers, there is very little empirical data to date demonstrating the superiority of either strategy. Investigators must therefore decide on the appropriateness of a given approach based on the scientific objectives of a particular study. Sampling at fixed time points with regular periodicity has clear advantages in terms of statistical modeling, such as time series analyses that have been developed initially to deal with data collected at stable time intervals. Fixed time points may also be more appropriate for Mobile Assessment in Schizophrenia examining certain research questions, such as the study of routines (assessed at the same moment across days) or events that are linked to a particular time of day (eg, end of work). However, there are also several disadvantages to fixed schedules. First, data in a fixed sampling design do not represent the full daily behavior patterns of participants, in particular if the report examines behavior only at the moment of the assessment. Using this approach, a specific number of moments have a 100% probability of being selected, whereas the rest of the moments over the day are never selected. In choosing random sampling, by contrast, each moment has an equal probability of being selected. It is unpredictable, and therefore provides a better global estimate of how people spend their days (in particular if assessments target behaviors or experiences at the moment of the report). In practice, most studies using random assessments divide the day into blocks of approximately 90 minutes, and a random moment is selected within each block in order to provide a stable pattern over the day. 16 Random reports are therefore preferable for examining scientific questions such as time budgeting of momentary behaviors and experiences. However, just as some investigations may include a mix of event-and time-based assessments, many research protocols represent a compromise between random and fixed assessments by asking participants to report behaviors or experiences spanning the minutes or hours since the last assessment. Protocols of this type theoretically reduce differences between these 2 assessment choices, but it remains to be investigated the degree to which retrospective memory biases may reduce the validity of such data.
A frequently raised concern is that the structure of fixed time protocols may be easily recognized by participants and therefore might influence subject behavior in anticipation of the assessment (eg, a participant may stay home in order to complete the assessment in a quiet environment). Researchers may again debate the magnitude of this effect, with some arguing that investigations of psychological theories have shown essentially identical results whether fixed or random assessments are used, 10, 11 while others have argued that knowledge of assessment timing may, at least theoretically, increase the reactivity to the method. 15 Only a direct comparison between these 2 approaches would provide the answer to this enduring debate, as well as concerning other details of study designs that constitute a source of disagreement among daily life researchers.
Number of Days and Number of Assessments. The selection of number of days and number of assessments is dependent both on the expected periodicity and time course of the processes under investigation, as well as on feasibility. Overall, it is important to have a balance between number of sampling days and number of reports each day. While a wide range of time points has been used, ranging from 1 day to several weeks, 8 as a rule of thumb it may be wise to include at least 6 days because this inevitably includes week and weekend assessments (and therefore provides a more global characterization of daily life experiences).
In considering the number of assessments per day, missing data is expected in investigations using mobile technologies and should be anticipated in choosing the assessment frequency. For some research questions, it may therefore be a good strategy to increase the sampling load in order to assure enough data for statistical analyses (especially if time-lagged strategies are used in which data from previous moments predict current state). However, a greater frequency of assessments per day may not necessarily be experienced as more intrusive or burdensome by the participants. For example, it may be argued that when a participant misses 1 or 2 assessments out of a total of 4 that were scheduled, they may become concerned about their compliance, question if the device still working or wonder if they should contact the researcher. With a higher frequency of assessments, it may more easily become part of their daily routine and missed assessments will be more easily normalized.
Questionnaire Development
Constructing Questionnaires. One of the most crucial steps of mobile assessment research is the development of the questionnaire, 17 as momentary data collection is very different in nature from standard cross-sectional questionnaires. Whereas cross-sectional questionnaires are based on global retrospective recollections, often cued by an extensive narrative or metaphor, momentary questionnaires should consist of self-exploratory questions with short cues that reflect upon commonplace situations. Items from cross-sectional questionnaires may be a good starting point, but one has to be careful that items really reflect momentary states rather than traits (eg, putting ''right now'' in front of a trait-like item does not necessarily make it a momentary item).
When constructing a questionnaire, it is also important to use language that reflects how people describe their own behavior and experiences. Psychological vocabulary that lay people are not familiar with (such as ''attributions,'' ''coping,'' or ''dissociation'') should be avoided. 17 In addition, the frequency and specificity of items need to be kept in mind. Extreme items may pertain to fewer situations and show less variability compared with more mildly formulated items. Negatively formulated items are less frequently endorsed, leading to skewed distributions, whereas positively formulated items usually have a normal distribution. Finally, it is important to avoid reflective questions that link 2 distinct constructs, such as ''in this social context, I feel down.'' Much more information can be gained when mood and context are asked independently and when the association is made statistically by the researcher after data collection. The independence of questions would also shed more light on patterns that participants are not consciously aware of, while also limiting the risk of socially desirable responses. 18 As previously noted, questionnaires often consist of a mix of momentary items and questions that span the period since the last assessment. It is possible that current mood states may potentially influence recall or interpretation of previous experiences. When creating a questionnaire, it is therefore suggested to order it so that the most transient experiences such as thoughts, mood, or symptoms are at the beginning of the questionnaire, followed by more stable items such as context, and to present the retrospective items in last position. 17 Different item formats have been used, including bipolar scales (eg,À3 to 3), visual analog scales and Likert scales (eg, 1-7). While there is no evidence for absolute benefits of a particular item format, it is important to remain consistent throughout the questionnaire. Open-ended questions provide an excellent opportunity to focus participants in the moment (eg, ''What are you doing at the moment?''). However, they are time consuming and often difficult to implement in electronic assessments. In the latter case, category boxes are often used to collect contextual data. Participants should be focused in the moment, then inquiries about the context can be made (eg, ''I like this activity'') before assigning it to a category in order to avoid global or vague answers.
Because participants have to answer questions on a frequent basis in their normal daily lives, the duration of the assessment should generally be limited to between 1 and 3 minutes. This limit would nonetheless permit a large number of open-and closed-ended questions. However, in designing the questionnaire, a frequent concern is that the repeated assessment of mood or symptoms may influence the person's experience (and potentially exacerbate symptom intensity). One useful strategy to avoid this influence is to intersperse-specific items with more general items in order for individuals not to be solely provided with emotionally salient information. For example, assessing delusions while also including questions on the context of assessment may lessen the otherwise heavy focus on symptoms. In the same way, assessment of negatively valenced states (anxiety and sadness) may be accompanied by questions concerning positive or neutral states (happy mood and energy level). In this case, a larger number of items is preferable. Alternatively, if the goal was to change behavioral patterns, for example in a therapeutic intervention, a minimal number of items would be preferable in order to improve the learning curve and keep the patient focused on the therapeutic objective. 19, 20 A frequent question when using repeated daily life assessments concerns the possibility that participants may lose motivation and that missing data would therefore increase over time (fatigue effects) or that repeatedly asking an individual how they think, feel, or behave may change the intensity or frequency of those variables (reactive effects). Investigations that have directly examined these potential biases have found no indication of fatigue or significant reactivity to mobile assessments in patients with schizophrenia. 14, 21 However, despite the brief duration of each electronic interview, it is possible that participants may still become irritated or tired, and compliance with the methodology may become very inconvenient at certain moments. It may therefore be desirable to include an item inquiring about these undesirable effects so that it can be used as a covariate in the analyses.
Devices and Software
Perhaps, the most basic decision in mobile assessment research is choosing whether to use a paper-and-pencil strategy or computerized devices. Both have strengths and weaknesses that should be considered relative to the needs of a given study. Paper-and-pencil approaches are inexpensive, easily available, and user-friendly for the great majority of participants. As previously noted, however, a major disadvantage of this approach is that the researcher cannot be sure about exact time point of data entry, possibly hiding significant compliance problems. Although past research has shown that compliance rates are comparable for both strategies, 22 data entry is time-consuming and branching or linking new questions to specific responses is not possible. Computerized mobile assessment overcomes these constraints and its use is rapidly growing in investigations of schizophrenia as well as in psychiatry in general. 13, 14, 21 Advantages include easy data input, exact information on response times, possibility for branching, and increased speed of assessment completion. The respective disadvantages of this second generation of ESM/EMA methods include technical problems (eg, battery problems, broken screens, software issues), ''user friendliness'' (especially for computer-unfamiliar participants), and the difficulty of including open-ended questions.
The assessment device should be small, reliable, costefficient, and flexible (working in all, or at least most, circumstances) in order to increase compliance with the method. 15 The device should also preferentially not offer too many distractions (eg, games) in order to keep subjects focused on the study but also to decrease the risk that the device is stolen or that the battery dies quicker. As for hardware options, paper-and-pencil studies have often used preprogrammable watches (eg, Timex Ironman watch). These watches are inexpensive and easy to program, with a long battery life. For computerized approaches, most studies have used PDAs and smartphones. Because these devices have become more affordable over the years, computerized mobile assessment has become a valuable option. However, device selection should be informed by length of planned assessment (number of days) and by mobile device battery life.
For protocols of longer duration, researchers may need to provide participants with battery charging equipment. In addition, for studies conducted on inpatient units, researchers may want to consider selecting mobile devices without video or audio recording capabilities to protect of the confidentiality of other patients on the unit or to lock out these functions.
Several software packages, such as the Purdue Momentary Assessment Tool, 23 MyExperience, 24 and ClinTouch 25 (as well as several home-made programs) have been used for programming experience sampling protocols on these devices. Recently, a new device, PsyMate, has been developed specifically for mobile assessment research 20 and that has the advantages of high user friendliness, easy programming, and potential for real-time interactive applications. Information technology (IT) support may still be necessary in the preparation of devices for the study, and some forms of data collection (such as text messaging) may not be feasible because one isnot sure about the actual time oftransmission. Manyexistingsoftwareprograms provide the option of locking out the device from all functions other than those required for the study in order to conserve battery life or offer other options for participants such as delaying responding if the assessment occurs at an inconvenient time. However, these options remain the choice of the researcher and do not constitute strategies for which any consensus has been achieved.
Practical Guidelines for Sample Recruitment and Study Management
Sample Recruitment Clinical Considerations. With the notable exception of individuals with severe disorganization preventing them from effectively completing assessments or those who are heavily sedated from medications, studies of schizophrenia spectrum disorders have covered a wide range of symptoms and clinical profiles. These studies have successfully included individuals with acute paranoia, active auditory and/orvisualhallucinations, delusionsof control, reference, and grandiosity, as well as concurrent alcohol or drug use. [26] [27] [28] [29] [30] The sample sources have included both treatment-seeking 13, 29, 31 and nonclinical settings [10] [11] [12] and both paper-based 26, 28 as well as computerized assessments using mobile devices were successfully used. 13, 14, 32 These latter reports also indicate that few participants discontinue their participation due to exacerbation of clinical symptoms. For these reasons, the recruitment of individuals spanning the full spectrum of psychotic disorder severity into mobile assessment studies does not present unique challenges beyond those typically present in more classic study designs of such populations. Furthermore, the expansion of applications for mobile assessment in these populations appears highly feasible for both research and treatment. For example, Kimhy et al 32 recently completed a study of hospitalized patients with psychosis in which monitoring with mobile devices was integrated with concurrent measurement of ambulatory cardiac autonomic regulation. In other studies, mobile devices were successfully integrated into cognitive-behavioral therapy (CBT) interventions 31, 33 demonstrating the particular flexibility of this approach.
Considerations for Inpatient and Outpatient Samples. Despite the successful application of mobile assessment in schizophrenia research, alterations or adaptations to the sampling protocol or procedures are often needed in order to accommodate needs of a given sample. Concerning research with inpatients, an obvious first element for successful execution of the study concerns cooperation of the unit's clinical staff. Some researchers have found it helpful to conduct a brief presentation of the study to the unit's personnel describing its purpose and procedures, as well as troubleshooting strategies, prior to beginning the study. Depending on the assessment schedule, it may also be helpful to provide information to the evening/night staff concerning which patients are participating to minimize potential problems. Additionally, in scheduling mobile assessments, it is beneficial to consult with the unit's clinical staff regarding other appointments the patient may have scheduled outside the unit (eg, functional Magnetic Resonance Imaging [fMRI] assessment) that may potentially interfere with the research protocol, as well as regarding the patients' schedule of clinical activities on the unit (eg, group therapy). For example, Kimhy et al 13, 32 successfully addressed this latter issue by instructing participants (in agreement with the unit's clinical staff) to excuse themselves from the room where the clinical activityisbeingheldforafewminutesinordertocomplete mobile assessments without creating a disturbance and then to return to the activity a few minutes later. Similar arrangements were also successful for individual appointments with clinical staff in the same unit. In terms of outpatient or community-based samples, there are obviously fewer constraints for conducting the study around hospital schedules and appointments. However, outpatient samples require careful planning concerning return of the mobile device, which should ideally follow the end of the sampling protocol as closely as possible in order to avoid its loss or damage. As there are no clinical staff on hand to remind outpatients to recharge the device or to keep in with them at all times, careful training and supervision of such samples is necessary to decrease data loss or compliance issues.
Sample Characteristics and Study Compliance
Age and Gender Considerations. While younger participants may have better familiarity with PDAs or smartphones, age does not appear to play a significant role in participants' ability to successfully use such devices. For example, Granholm et al 14 completed a study of patients with schizophrenia living in the community in which the average age of participants was 44.06 years and with a significant portion of older individuals (SD = 10.46). Similarly, while some gender differences in specific domains of functioning have been documented in mobile assessment studies, there are no reports of gender differences in compliance rates.
Language. Participants' demonstration of familiarity and ease with the vocabulary used in which the questionnaires are presented will minimize incorrect responses and/or questionnaire completion time. Thus, researchers may want to limit the reading level of questions presented as part of the assessments (eg, eighth grade reading level). Language fluency is particularly important in studies using samples that are bilingual.
Previous Experience Using Mobile Devices. One potential challenge to recruitment for studies using mobile devices is the participants' potential concerns about their ability to successfully use the assessment device due to lack of knowledge or experience with computers. Therefore, upon initial meetings with potential participants, it is recommended to present the actual device to be used, to describe the types of questions to be presented (ie, ''the questions will focus on your mood and social environment''), and/or to allow participants to view a few of the questions on the device's screen. Despite patient concerns, participation and completion rates in studies using mobile devices were comparable to paperbased assessments. For example, Swendsen et al 29 reported that of 199 community-dwelling individuals with schizophrenia who were contacted to participate in the study, 92% accepted and 73% completed the study. Among participants who completed the study, the average response rate for the multiple daily life assessments was 72%. This rate is also similar to those found using mobile devices in other samples with schizophrenia of 81% and 79%. 13, 32 Moreover, lack of previous experience using mobile devices does not appear to significantly influence ability to participate in studies using such devices. For example, Granholm etal 14 reportedthatover90%of54participantsintheirstudy of middle-aged individuals with schizophrenia living in the community had no prior experience using electronic mobile monitoring devices. Similarly, hospitalized participants with psychosis displayed few difficulties using mobile devices. 13, 32 Kimhy et al 13 reported no significant differences between hospitalized participants with psychosis and healthy controls in rating their ability to understand the presented questions, type responses or operate the mobile devices, their stress level, or their level of comfort carrying the mobile devices.
Participants with psychosis also typically express willingness to participate in mobile monitoring studies in the future. However, these individuals may characterize their participation in the study as significantly more challenging than normal controls. 13 It is therefore important to note that many previous investigations have included strategies to simplify user interfaces. For example, Granholm et al 14 divided questions with numerous potential responses into multiple questions with fewer response options in order to avoid the need for scrolling within a given screen. Such needs for alterations depend on the nature of the sample being studied and can be readily identified through pilot testing.
Compensation. Depending on the setting and local institutional guidelines, researchers may elect to compensate participants for their participation in mobile assessments. While providing such monetary compensation may potentially increase recruitment and compliance, researchers should limit compensation amounts so as to not introduce coercion (as for any investigation). However, if monetary compensation is offered, the bulk of it should be based on successful completion of the study and on returning the equipment, with a limited portion being based of the compliance.
Issues to Address Prior to Mobile Monitoring
Participant Training in Mobile Monitoring. Whether using paper-based methodologies or mobile devices, researchers need to provide participants with an introductory training session or a tutorial on study procedures. In most published investigations, such sessions occurred on the day of the assessment or the day before, and they were conducted individually over a period of approximately 30 minutes. This introduction may include a description of the assessment schedule and the duration of monitoring, the daily start and end time, the maximal response time to the initial question before the device turns off (if applicable), and the time it typically takes to complete each questionnaire. The introduction session may also allow participants first-hand experience with completing the questionnaire. Such tutorials may reduce participants' stress and potential apprehension about completing the assessment, ensure participants understand all questions, and increase the probability of successful task completion. Importantly, researchers may also want to ask participants not to respond to questionnaires under certain conditions that may lead to potential injuries (eg, while driving, crossing a street, etc). Finally, participants should be provided with contact information to call in the event of potential problems.
Considerations for Scheduling Assessments. In scheduling assessments, researchers may want to take into account the participants' personal daily schedule. While a uniform daily assessment schedule (eg, 10 AM-10 PM) for all participants is methodologically more attractive, a flexible schedule adapted to each participant's unique schedule (for example-1 PM-1 AM for a participant who regularly wakes up at noon and goes to sleep at 3 AM) may offer potentially higher compliance rates and more accurately characterize the true variation observed in the sample. Additionally, if applicable, researchers may want to consider altering the daily assessment schedules for weekends to allow for participants' unique daily schedules during such days.
Issues to Address During Mobile Monitoring
In many previous investigations, the researcher contacted participants by phone or in person (for inpatient studies) during the mobile collection phase, especially at the start of the study, in order to ensure that the first few questionnaires were successfully completed. Such contacts should be very brief to minimize influence on participants' behavior and should be focused on troubleshooting (if necessary), reinforcing compliance, and ensuring that the participants are progressing smoothly in the assessments. Depending on the length of the monitoring period, additional contacts may be advised. Table 1 presents a summary of the diverse issues to be considered in the design and execution of mobile assessments.
Issues to Address After Mobile Monitoring
Researchers may also want to conduct debriefing after the completion of the mobile assessment-such debriefing may allow participants to report problems they may have encountered, as well as to report potential data entry errors (eg, ''in the afternoon of the first day, I mistakenly indicated that I used marijuana''). This period is also ideal to collect information on overall experiences, positive or negative, with the mobile methodology and information about the reasons for eventual compliance difficulties.
Statistical Issues and ESM/EMA Data
Despite its multiple advantages, the structure of repeated measures data complicates its statistical analysis. In this section, we provide a general introduction to data management strategies and statistical approaches commonly used in this area of research.
Initial Considerations
It is likely that mobile assessment studies will include a large amount of missing data. Typically, only participants completing a third or more assessments over the sampling procedure are included in the final analyses, 16 but more lenient inclusion criterion have also been set. 34 It may be useful to conduct a sensitivity analysis in order to evaluate whether the inclusion of participants with less entries significantly alters the findings. Researchers should examine whether the main sociodemographic or clinical characteristics of the sample significantly predict the number of completed entries, which could help detect sample biases and aid the interpretation of the results. 29 Momentary scales are often skewed, which means that the normality assumption is not always met. In the presence of a conceptually meaningful cutoff point (eg, the presence or absence of phenomena), it may therefore be appropriate to transform continuous variables into binary form. 35 Alternatively, this can be accounted for by using robust SEs or bootstrapping in order to introduce conservative CIs. 36 It should be noted, however, that this latter option can substantially lengthen the time required to analyze the data.
While most statistical models examine mean differences, researchers may also be interested in the variability or instability of phenomena. For example, one study found the instability of mood over time to be a better predictor of suicidality in individuals with psychosis than was the overall mood level itself. 34 The most commonly used metric of instability is the SD, 30 although this fails to distinguish between a truly fluctuating course and a single shift from low to high or high to low. The mean squared successive difference (MSSD) provides a more precise measure of instability, but it is influenced by the length of time between assessments. 37 In practice, SD and MSSD scores often provide similar findings (J. Palmier-Claus, N. Shryane, P. Taylor, S. Lewis, and R. Drake, unpublished data). Metrics commonly used in experimental research (eg, reciprocals of scores, skewness scores) may also be applicable to the analysis of such data but require large numbers of observations for each participant. 38 Examining the instability of variables provides little insight into the direction of change or temporal relationships between phenomena. In order to assess these associations, researchers may create new variables representing the individual's score at the previous time point. In most forms of analyses, this can be achieved by simply moving a column up or down a cell in the dataset and deleting data for the first or last entry of each day when in a long format so that the analyses do not mix within and across-day associations. Such ''time-lagging'' of the data provides essential information regarding the temporal patterns underlying observed associations and therefore constitutes a prerequisite for testing hypotheses of causality. However, even when adjusting for relevant covariates at multiple time points in the repeated measures data, the presence of timedependent confounding could invalidate the use of many statistical methods. Time-dependent confounding occurs when a covariate predicts future exposure and future outcomes conditional on past exposure. 39 
Statistical Approaches to Analyzing Repeated Measures Data
Previous publications 17, 40 have discussed the nested structure of mobile assessment data, which violates the assumption of independent observations (eg, standard approaches to regression analysis, analysis of variance). Independence assumes that observations are uncorrelated with one another, but this is often not the case when multiple observations are generated by the same individual. In such data one might expect nesting to occur at 3 levels: (1) within participants, (2) within days, and (3) at the entry number. For example, at the second level, mood scores might be more strongly correlated within any given day than between days. Averaging the multiple scores for each participant overcomes this problem but loses all information about within-person variation and may be a less sensitive measure of change over time. For these reasons, many researchers now use a technique called multilevel modeling (MLM) to analyze mobile assessment data. MLM is advantageous in that it estimates the level of variance that occurs within and between the levels of the analysis. For example, it provides estimates of the amount of variance that can be accounted for within an individual over time but also that which exists between different individuals. In the case of momentary data, it allows the researcher to observe the effects that the assessment day, the participant, or other variables are having on the dependent variable. The interpretation of the fixed part of the model is then similar to that of standard linear regression or logistic regression (binary outcomes). Although previous studies have explicitly accounted for each level of nesting in data generated by repeated mobile assessments (assessment number, day of the study, and participant ID number), incorporating the highest level in which data are nested (ie, participant ID) should provide equivalent outcomes for the fixed-effects part of the model. MLM is also appropriate in that it can use maximum likelihood estimations, which means that all measured observations will be included even if missing at some data points. However, depending on the study design, researchers may wish to model the time of entries rather than responses themselves. This approach allows for more accurate estimations of the temporal association between variables, especially when random or semisampling sampling procedures are employed.
Concerning other options in the statistical analysis of mobile assessment data, regression with clustering often provides similar estimates to the fixed-effects part of MLM analysis. 41 A subtype of MLM, Latent Growth Curve Modeling also allows for the impact of a variable on the development or growth of phenomena over time 42 and may therefore be useful in examining the factors influencing change (eg, treatment effects). Survival analysis may also be appropriate to estimate the proportion of individuals likely to endorse an event at some point in the sampling protocol. 43 For example, it could be used to estimate the probability of relapse as well as the factors influencing the chances of its occurrence.
Power Calculation
When designing a study, a sample size or power calculation is often needed to determine the number of participants that are required to confirm or reject a hypothesis. A power calculation allows us to determine the amount of data required in order to detect whether or not a relationship (effect) exists in a population. Such calculations are complicated in MLM because statistical power is determined at more than one level. For example, multilevel power raises the question of whether it is appropriate to measure relatively few time points over many participants or vice versa, as well as many other decisions that affect research design. Essentially, this should be determined according to the level at which the variable of interest is located. If the researcher is interested in the relationship of a variable across time points, the power is determined by the number of assessment entries. However, enough participants should be included to ensure results can be generalized. Alternatively, if associations across days are of primary interest, this should determine the overall sample size. 44 Commonly used programs for multilevel power calculations include PinT, 45 Optimal Design, 46 and RMASS2. 47 As the pertinence of each of these programs varies according to individual study design and research questions, an increasingly used and flexible option is that of simulations in Mplus as described by Muthén and Muthén. 48 
Conclusions
The feasibility and validity of mobile assessments relative to traditional hospital-based measures have been widely demonstrated, and previous investigations using this approach in psychiatry have been able to examine a diverse range of clinical issues that are often inaccessible to standard clinical protocols. However, the application of mobile assessment in schizophrenia is particularly complex and requires careful clinical and technical preparation. This article reviews the key decisions for researchers using this method including study length, the nature and timing of assessments, electronic interview content, and device selection. In light of the severe nature of schizophrenia, it also addresses major approaches to sample selection, recruitment, and retention strategies that have been used with success in this population. Finally, several data management and statistical issues are discussed for analyzing complex datasets that reflect both within and between-person variation. The growing use of mobile technologies worldwide will likely place increasing importance on their applications in health care research, both as a research tool and as a means of providing interventions at the most useful moments of the patient's daily life.
